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e « ' SLOPE STABILITY All of seuth-eentral Alaska lies in a zene 3 MODERATE STABILITY--Moderate slopes underlain . ° : & v T &) .
i ; : in which large-magnitude earthquakes eeeur; thus ‘ chiefly’ by sand, s®lt, and clay; sfeep slopes ' | o , s 3 ! ;
This map is an 1ntevprguu_.n of (he relative  the likeliheed ef earthquake-triggered instability underlain ehiefly by gravel and mixed gravel, . : ey i j 2 : : : : 2
‘stability of natuwal slepes in the’ Anchorage area. is relatively high threugheut this area, The sand, silt, and elay; and very steep slepes ? 7 ; S

underlain by metamerphie reeck, Tn hummeeky
terrane, small hills eof silt er sand are ., = o0 R s _
fairly stable in their natural state of vege- P o B ' . 1745 : A ‘ g ¢ \
tatien,but are subjeet te seme instabiliey —— : e o : ; AN v 3 , Y : o R , SRS R,

‘Slepe stability is the ability of the greund te S distributien in time ef sueh large-seale events:
 gemain fixed in pesitien and wesist failure by is sueh that the prebability of eeeurrence affcct—
I.mdnliding and ether fewms of dewnslope mevement, ing Anchorage at any given time is lew, but ever
uding eresien, Slepe stability is hewe di- ’ » ~ present, The pessible damaging respense eof the

jed .m.. five categeries that range frem most ; ground within each map unit te seismie sheek is when disturbed. On steep slepes at lower
ble #e least stable. The interpretation is indiecated in the deseription of the map units, saltitudes in the mountains, slepe depesits
) sl - are subjeet to downward mevement and miner

¥ !n-ubﬂity can be umed by movumcn? :f'thc
ground aleng a fault either during an earthquake

i

buad on data eontairiéd in the Slepe Map of An-
 ehewage ahd Vieinity, Alaska (Map I—?n—m. the
Genervalized Geologiec Map of Anchérap ‘and Vieinf{“y__

eresion en an intermittent basis; this aetiwv-
ity inereases when the surface is disturbed.

~ (Map T-787-A), and en inferenees abeut the preb- or by nearly impereeptible ereep aleng the fault, __At higher altitudes en the v v steep slepes, °
12 able wespense of the geelogic materials te streng The Castle Meuntain fault, on the nerthwest side _ _bedreclk is at er near ‘the sut :’ind
slopes are inherently mere stable than those “'S'

of Knik Awm abeut 25 miles (40 km) frem Anchorage,
‘are taken ‘Tf'large part frem Hansen (1965), is knewn to have been aetive within the geolegi- ‘unde¥lain by surficial depesits, but locally
Mﬂm and Sdmol‘l (1968), and Dob\vd‘olny . .eally reeent past (the last 10,000 years) (Karl- on these bedveck-fleored slepes there is a
kﬁm N % : styem, 1964, p. 21; Barnes, 1966, p, C15). The thin cover of leoese material whieh is less
Knik fault, pestulated te lie aleng the Chugach stable and ﬁabjut to mere frequent and more
& mmmm for deternining sta- Meuntain frent, enters the map area abeut 1 1/2 rapid dewnward movement here $han on the
8 i biliw is the ameunt ef slope; areas of steep miles (2.% km) east of the mouth ef Rabbit Creek lower slopes, Seme wock debris is carried
L slepes are generally the chief sites of insta- . and extends nertheastward teward Dishne Pend, dewnslepe in snew avalanehes whieh eeeur
bility; aweas of gendle slopes are generally the ©  where it eentinues bezond the map beundary (Cluk mest emmonly om these slepes, Majer land-
'*yim of stability. Hewever, the degree of sta- i X 1972), This fault appavently has not .been active . \ slides are net known te have oeeurwed on

£ Mm ‘and ether geolegic proeesses whieh
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,;:%i&ivl depends eonsiderably en the geelegic 3 sinee at least the end oﬁ the last glaefatien,  ° ; these slopes within the avea of this map, t§ 3 . :
/v matewials underlying the slepe; slepes underlain abeut 10,000 yeaws age,. Cenceivably there have ' but have eceurred on similar slepes in the . - 8 il P ok " w7 . R < S - : : , 7 R\ 7 N -
by metamovphie rocks ave generally merve stable . been small amounts ef undetected movement, and mountains te the east, and pessibly eeuld S j oA ; : o : : S " Pt dear I E 0 os - ondiien) - Ll
__ than similar slepes underlain mainly by eearse- there might be future mévement aleng the Knik eeccur here as well, ; % . BB i ] £ W\ & m‘l,\_, s e
| gwained. surfieial depesits, and, in sequenece, 3 L fault, s : : : ﬁ ' .. PN |
1 1}‘*&”‘8 underlain by ecearse-grained surfieial. : B S G , m GENERALLY LOW STABILITY--Steep slepes underlain - Figuﬁ 3,--Bloek dhgﬁm of a ﬁnmilh ﬁﬂc. { : : { :
' dcpo!i.ll\ ave genewally mere stable than similar i . The map shews the relative possibility eof ehiefly by sand, silt, and elay; wvery steep ¥ M Hln!t'a. 1963, Pe A'ﬁ;’ | 18 t Iy

‘glope failures of different kinds. Ne firm pre- slepes underlain ehiefly by gravel and mixed

‘dietien ean be made frem the map as te where gravel , sand, sil®, and elay; and preeipi- ' ; %
. failuves will eeceur within a given map unit. tous slepes underlain by metamewphie reek. ‘
The map peints eut areas ef potential slepe Sea and river bluffs and" ‘other esecarpments 5 ' /

- have achieved seme degree of ‘natural sta- i

_slepe underlain mainly by fine—-gnincd surfi-
‘edall deposits, Aecordingly, the slepe map and
#he gnlogic map were umb:[nod in preparing the

gt ~‘nlop.—lhbili&y maps : B S
b ' s ~ failure preblems that require more detailed in-
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G The proeedure used in eembining the twe basie .~ vestigation befere land is developed; it is a " bilfty, espeeially where covered by vege- x| ; ; o /s
e r" maps te make the i"mm slope-stability map j ~ preliminary guide. A mere detailed study may : tatien; however, they beeeme unstable when A7 v o i e TR Ll i L
%3 presented in figuxc 1 and illustxated in figure : " shew that the overall greund eenditiens at a disturbed either by natural preeesses sueh Ly /5 2 i ¥
Figare 1, slepe eatego¥les appear in the = particular site are safé if eertain regulatiens as earthquakes er ewesien, or by eenstrue- " Ls %

g
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u!.umn at the laft« side of the diagram, with nearly.

oy

~and metheds ef eonstruetien are fellowed, On tien aetivities, Small-seale dewnslepe ‘ _|
: mevement may eecewr In many plaees; eresien /]

1 Elat slepes at the tep and. precipitous slepes at the other hand, detailed investigations may shew : , S X
| ghe bettem, Geelegie-map units appear at the tep . the site te be m‘fc for the intended faeility in gul'lies preduees signifieant instebility, ] i i Y%
1'? the diagram greuped aeeco¥ding te their deminant 3 . and may require an tienal engineering selu- and leeally small landslides awe expectable, '},’/ F A
ﬁtﬁ.als. This greuping'resulted frem inferenees © tpien as a eenditien of opment or preteectien, C1iffs high in the meuntains and bedreck ' £ o o : :
de abeut the prebable respense of these materials sueh as the buétn-r that was judged necessary gorges: in meuntain valleys are the sites : o dgg e j
geelegie precesses related te slope stability. i as lon of the Feurth Avenue landslide of eenitinuing miner weekfalls, and telus * . 1.3
m mest stable geelegie materials in the area o uu " (Shannen & Wilsen, Ines, 1964, p, f3). Tt aceumuilates at the base of these slepes; = ! {7y
h“‘mﬂ'?hiﬂ reeks) were placed en the upper left is emphasized that this map is an overall assess-. oceasional major reekfalls or landslides
‘side of whe diagram and the least stable geologic . ment ef the relative slepe stability intended te may dump substantial quantities ef material
qminls (mainly finer grained surficial deposits) : : -3UPP1? backgreund i n establishing ’ on areras of lower slepes belew, S
,en ‘¢he upper rvight. Slepe stability map units" : guidelines and ‘Mnd—de‘velopment ' ‘
© _qnurins within the diagram are the result of : vt detanning, 7 o LOWEST STABILITY--Vewy steep slopes underlain ° - 5
_assigning relative values to the groups of geologie 5 2 i : 5 by samd, silt, and elay; and pmcipitous ; - ' g
map units and ecembining them with the slope map :  REFERENCES slepes; underlain by the entire range of : o :
A surfieial depesits. The least stable : g’ &

i units, By this arrangement of the data the slope o %

| eategories and geologie materials represented in Barnes, F. F., 1966, Geelogy and ceal resources slepess eeceur mainly in sea bluffs aleng

; # 23 the upper left side of the diagram identify the ¢ of the Beluga- tna wegion, Alaskas U.S. ' Knik Awm and Turnagain Arm and river bluffs

. mest stable combination of faecters used in com- b Geol, Survey ) 1202-C, 54 py in nearby valleys. Eresion processes are :

- piling the Slope-stability map and these in the Clark, 8, H. ’B., 1972, Reecomnaissanee bedreeck aetive threughout the area ef this unit;

B ¢ geelogie map of the Chugaeh Mowmtains near eentinuing downslepe mevement ranges from ¥ ] A
,And_gc, Alaska: U.S. Geel. Survey Mise. nearly imperceptible seil ereep, thwough
Field Studies Map MF-350, obserwable viseeus earth flows, te small

Dobrevelny, Ernest, 1971, Landslide suseeptibility landslidesy These bluffs have been the
in and near Anehorage as interpreted frem sites ef eatastrophie eaftthquake-indueed .
mhte and geelegiec maps, in The great major ‘landslides in the past, and similar
Alaska earthquake ef 1964: Washington, DGl landslides will eceur in the future.

Natl. Aead. Sei., p. 735-745. . ! 3
Dobrovblny, Ernest, and Schmoll He ‘Ren 1908, — —4& POTENTIAL SITE OF LARGE LANDSLIDES--Areas along g\“' &
Geelogy as applied te urban planning--An f sea and river bluffs mest likely te be the %
example frem the Greater Anchorage Area ; it ‘sites of large translatery landslides that
Borough, Alaska, in Internat. Geel. Cong,, i may eercur in respense to streng earthquake
233 Prag"ixe, 1968, Proe., See. 12, Engineer- sheek, The area is defined by the presence et B
ing geelogy in eeuntry planning Prague, of the Beotlegger Cove Clay in the lewer -
Academia, p. 39-56. part of the bluff, beeause that fermatien : 4
Hansen, W. R., 1965, Effeets of the earthquake of is the essential ingredient fer the ocecur-
: i b ; e Mareh 27, 1964, at Ancherage, Alaska: U.S. Geol, : rence of sueh slides. The arrews indicate ;
sure l.,~-Diagram shewing hew groups ef map units = = Survey Prof, Paper 542-A, 68 p, the direction of petential 1anc1¢’11de move-
_of the generalized geologic map (listed aeress ~ Karlstrem, T, N, V., 1964, Quaternary geology of ment; Areas behind the teps ef bluffs (near :
: ; ' the Kenai Lowland and glacial histery ef the the tails of the arrows) may sustain dis- &

Cook Inlet region, Alaska: U.S. Geol., Survey plaecement and even totgl cellapse as a re-

the diagram) and the map units eof the slope map
(listed down the diagram)were combined to yield

the map units of the Me mbility map, . Prof. Paper 443, 69 p. . __sult of mevement of th landslide blocks S
Y ‘ : A Schmell, H. R., and Dobrovolny, Ernest 1972, “teward the face of the b s; ground frae-
Generalized geologie map of Ancherage and tures may oeceur behind the head searp of

vieinity, Alaska: U.S. Geol. Survey Misec. sueh landslides, and elsewhere aleng the %
Geol. Inv. Map I-787-A. : tepe of bluffs, The maximum knewn width ef : :
1972, S‘lope map of Anchorage and vieinity, displaeced arvea behind the tep- of a bluff is
Alaska: U.S. Geel. Smy ‘Mise. Geol. Inv. « aboutsT,500 feet (457 m), at the prehisterie
Map I-787-B. landslide near Inlet View Seheel., Areas ad-
Shannen and Wilsen, Ine., 196“ Report te U.S. jaecent te the bcscg of bluffs (near the wints .
Army Engineer, Aneherage District, Alaska-- of the awrews) may bé 'oﬁtﬂ‘dcﬁﬁ by TandsTide "
Ancherage area seil studies: Seattle, Wash., debris and disrupted by pressure ridges, The ' |
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Shannen and Wilsen, Ine., 109 p. maximum knewn width ef everridden area is g ] f ! L
: S about 2,000 feet (609 m), at the Turnagain R Weth R SRR fo / 111 . -
DESCRIPTION OF MAP UNITS Heights landslide of 1964 (Hansen, 1965, p. R G 1 b a§ “i
. > AR / & ki ! : B v’—‘/f
HTCHEST STABTLITY--Nearly flat to mederate slopes AR d ';’hnf_;roces: it it o h.;. b iilus DA / n m } / ii - e TR b o
I i derlain by metamerphie reek, Leose material g Lo Fagurn 3¢ 5 SERERE B0 O -} / ~ ER . i !
:: ¢hin or absent in mest pln:es. There is WAL Aty auy. Saat ’tns'iaeory lendil 1du b sl oA “‘ G o :
i A 2 ean eceur &éVerywhere within the areas indi- % / Q. iz - f
1iétle Bikelihood of any signifieant dewnhill il bk 1 4 i i R4 WgePy A
y symbel, ner ean it l;e predicted 7 . § - b Gravel PiLg,
neralized LR o wely: oo T oosk natenialy vhewa She news TRode1fi¢ MIVT aheiis owbaw - ¥ TGS e 8 (e S
0legiec map ‘af, an, ~ehi e 1; e GENERALL@ ﬂGH STMM—-Ncarly f’Iae Yo modemh— fdr behind and in frent of the bluffs it - 4 ; S ¥ ; j L !
h  m--mixed gr: "; nnd .ﬁa- and elay; sh--ehlefly % 1y gentle slepes underlain by surfieial-de- will extend., Data are net available to " Y s U B
e o9y d; be, s——chiefly s11t m3 elay; !.—-"!cn&— posits; moderate slepes underlain by surfieial evaluate other facters such as the presence / ; ‘ \'\ /
L e M‘l’s e depesits censisting ef gravel and mixed gravel, o of sensitive clay layers and sand beds, or , | i i !
S e 3 A sand, silt, and elay; and steep slepes under- 5 eritieal waterfnnunt values neeessary be-},’ ?.'..' o ns
e RS e ﬂnh-—n*bﬂity map was nnsmtcd _ lain by metamerphie roek. In mest of this 4 fore landslides will eeeur. Seme of these e o
. {“‘wing te the pboudpvc mﬂincd above. In / . area there is little likeliheed ef signifieant factors may be variable with time, and so P
| @ few places there were lor deparfires from _ downslepe mevementy Hewever, in seme plaees present values may net be valid as well fer - / 7
SRS gl striet applieation of this methed beeause sub- the follewing situations may preddee minew : the future. Tn additien, net all facters " ol ‘3
I ' surface and ether data net shewn en the slepe and, at times, mafor slepe failuwes: (1) In ' neeessary for landslide develepment are : :
A N and geelogie maps indieated the need to medify respense te sfreng earthquake sheek, sueh as knewn at present, Hewever, the histery of b e . ,}\ A
& slightly the slope-stability eategery. occurred in 1964, nearly flat areas behind landsliding shews that-about 20 percent of 4 Sk
B o 4 - ; the tops of sea and ¥lver bluffs mmim the area of petentlal stides underwent ’j\sl
. .,  The beundaries of the slepe stability map displaeement eaused by landslides, and the translatory landsliding durffle the single ‘ = %
B units are appreximations within the range of ‘hearly flat aveas at the base of sea and rivVer earthquake event of 1964, and that about 50 - A7 T
o . stability that extends frem mest stable te least bluffs may be eovered by slide debris, This R pereent of the awea had been subjeected te i # N2 ==
.| stable, beeause they were compiled frem slepe situatieon and the preecesses are mere fully : similar sliding befere then; it is likely / P O
77 and geelegie map units, seme of whese beundaries deseribed under the arrow symbel that identi- - thae this is a minimum figure, beeause seme o e
| awe themselves approximations, In additden, . fies aveas potential?y subjeet, te large land- 4 “landslide depesies prebably have been removed /4
Lalsy e 1 akeas witt a ;‘t‘a;*;wpwﬁ?vguﬁ%r : slides. 2; Areas adJaeent #o mafer streams Ry ‘Sven 1o, . 5 &, = e
: i o p unifs deo net have the hquﬂltﬁc { : - may be subJeet to eresfen and eensequent total - = f s // o i 4
LIRS inelusden wit €unit, but were ineluded : {oss of stability en an dutermiftent but eon- o ey : RET  Sa on . e 3 : ka
o e beuulc l'ney are ﬁ‘fm%”fﬁ, mapped sepa- tinuing basis.” (3) The medern tidal flats S e 7k Pal K g 1 dav 5 &8 58
|| zately in the apprepriate unit er beeause insufs ) " ape covered by water en a daily or Intermit- et el Lo, : O Ny i "
o HEE U i fieient data are available te identify them; " tent basis, and are subjeet te seme insta- e e T s {/ ‘ k> : i i ' 3
| these deviant areas on the basie maps lead teo ¢ - bility eaused by miner eresion, &Y To aveas " 0o Nt ¥ L Vs P, v/ ‘ _ L -
| similar de¥latiens when the basie units are , . of steep slepe the metamorphic reek is cov- 1 : \( & : / s ))1 / g e b MO i bl
| | ecembined de uke lhil' ‘maps : ered in plaees by unmapped leese surfieial : \ ! ;e 4 w AVE O \J W fory ‘ R ....‘_).i... g%
Bih et - : depesits, ehiefly stream and slepe depesits. ‘ “ . // Z ; = < .9 / ; , : N
JAREr T SR The ability of & M is and weathered bedreck; such depesits may be [ et ‘ s 7 £ T‘[— 5
‘ﬂ-\i eontinually altered by many geelegie processes subjeet te some dewnslepe mevement and mino¥ B e Mud . @ : - 4
.~ whieh tend #e induee the greund te ehange frem erosioms (5) At.the top of ene area of steep I { W =T . 4 ’ }‘,"Fﬁ_ a5
4 | its state of rest (stability) ve a state of mo- slope in Little Rabbit Creek valley a land- ! S v o S ~‘1"- 4 X oy - B
'/"\! tion (inssability), Changes in the state of the slide has been identdfied, and the eceurrenee : ! . e g N %& ™ g -
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B by "d¥éteteepening of slepes ineident to censtruc- 5 : o R / ~ ¢ R iy, A NG YW S S . WY "
1" tien aekiwitvies, which are not usually eensid- : : 5 2 . ; ' / - AR R S s : e - e b : & == ( i v
5 “d e geelegie process but whieh have the same - ¥ - : . ,' . i e\ e N ¥ \\? 5 s W e REY !
i of lewering slepe stability that sheve- : i ol R e ~ | o=t P g 2 ‘ s N ' W N o Mo, s G U N : :
line eresion and stream evesion have; by expe- Ty U B “_~* R s P TS A I L o b D g g T e R AN
«  sure to the atmesphewe Wveathering), indueing [} AR j 2} R g e éé,' 5w v g e . 4 {1 / ""'. "*” A r 8 1.k g . ScE i , / . . e N &
(»» ‘ehemieal and physieal ehanges in the material il M il O A Lo, B SR g e e WL § v 3 : R o o e . e A - ‘ L N 'JT O B G <3 ) - N ——— e s ey
that may ecause~she material €e beeeme less co- ; o P4 AR s e A ; , Q\'L,,._ B\ “A- B e ""# ; Park | s o \ i : - W ~ Bonil : By
/" hesive; ew by’ fie¥ eontent, which ) (N W e + o} ] E k = i S - g 5L
s g -y may-esuse the material te: mm:mﬁx. Par- A TSRS | SRS : i o § ; i L8 % (A — I g ‘_ i -l T
I/ | tieularly in asseciatien with sueh weakening ef 3 AR : e = g : ST - o2 A
‘ ‘ ¢he greund, shaking is likely te induee the ! b tigh g/ g N s "5} o/ <
\.-‘.1 te eross the thresheld frem stability < ¥ il X I’ //; S = :
i ¢ ; - o8 / : = 4

F ‘%o instabilisy, This thresheld may, of course,
. " be ewessed wishout any greund shaking, Reckfalls,
' ,/ sell eFeep, and mudflows on steeper slepes ecom—
menly eceur as a result of nowmal evesion pre- \
i /'/,4;-— eesses independent of shaking. However, larger - 29 \
. and mewe eatastrephie greund displaecements are /
: move 1likely te occuf in gweater numbers when P,
- h!;ggmd by gFeund shaking eaused by mﬂhanes.
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